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SUMMARY 

The performance objectives, the Instrumentation, the data 
processing, the data recording, the data reduction, and the 
software for the LDAR Lightning Detection and Ranging System 
are discussed. 
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I . INTRODUCTION 

Valuable lightning and system-performance data were 
collected by LDAR du*"ing the 1976 Thunderstorm II project. 

Since 1976, the capability and the accuracy of the LDAR 
system has been improved by reconfiguration of the network, the 
addition of new ground stations, the addition of electric field 
sensors, the addition of digital waveform recorders, and the 
completion of a new software package to collect, process, and 
record the data. 

The addition of electric field sensors gave the system 
the capability to determine the position, the waveshape, the 
rate of rise, and the peak current of ground strikes. The 
addition of two new ground stations to form a new Y configura- 
tion gave the system an improvement in reliability ^nd accuracy 
by providing a completely independent hyperbolic system with 
which to check the LDAR data. Excessive power line noise at 
one of the stations was corrected by relocation of the station 
in 1978. 
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II . PERFORMANCE ORJECTiVES 

The primary performance obj, lives of the LOAR System 

are to: 

1. Detect and determine the position (X, Y, Z) of the 
numerous electrical discharges associated with thunderstorm 
activity, and display the position of the electrical discharges 
on a PPI and RHI plot. Transmit and display the PPI and RHI 
plots of electrical discharge activity to cne KSC weather 
office for use in tracking the position and movement of 
thunderstorm activity. 

2. Measure and record electric field waveform data in order 
to: 

a. Determine the position of ground strikes at KSC. 

b. Determine the rate of rise and peak currents of 
ground strikes at KSC. 

Uses of the LDAR data are to: 

a. track thunderstorms, 

b. provide size and a measure of the electrical activity 
of the storm, 

c. help explain interaction of wind flow and electrical 
activity, 

d. establish a firm basis for the relation of field 
strength/distance to the active electrical centers in a 
thunderstorm, using airborne electric field measure- 
ments , 
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e. establish the pattern of ground strikes for KSC, clarify 
the one-to-one cone of protection theory, and investi- 
gate the attractive effects of large buildings, 

f. determine statistics for the number of strikes per 
flash, 

g. measure the peak cur'^ent per flash, 

h. measure the rate of rise of current in ground strikes, 

i. measure the velocity of the ground strike current, for 
ground strikes produced by the tri ggered-1 i ghtni ng 
experiment . 
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III. DETAILED DISCUSSION 
A. REMOTE SITES 

There are six remote stations. The location of the 
stations is shown in Figure 1. Two basic measurements are 
made: the ti me-of-arri val of the envelope of the pulsed 60-80 

MHz portion of the RF signal emitted by the lightning, and the 
elec*.rir field (E-field) waveform. We will discuss the 
measurement of these two signals separately. 

1. LDAR SIGNAL TRANSMISSION 

The transmission of the LDAR signal from the remote site 
to the central station differs, depending on whether a Type 1 
or a Type 2 Receiving Station is used. We will discuss these 
in turn. A Type * Receiving Station differs from a Type 2 in 
the manner of transmission of the signal to the central 
station. In the Type 1 Station instrumentation the LDAR and 
the E-field signals are sent separately by wideband cable. In 
the Type 2 instrumentation system, the two signals are combined 
and sent via microwave link. 
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i . The Type 1 Receiving Station, Figure 2 

Figure 2 shows the signal flow of the LDAR signal at a 
remote site employing the Type 1 instrumentation . 

Starting at the LDAR, vertically-polarized, omnidirec- 
tional, 40-100 MHz antenna A-1* the signal passes to a 60-80 
MHz bandpass filter A-2. The LDAR signal then passes through a 
log IF amplifier A-3 having an 80 db dynamic range, which 
amplifies and envelope detect;, the incoming LDAR signal. The 
detected LDAR signal then comes to a switch Sl^ which is used 
for delay line calibration. Switch S2 permits the substitution 
of a 1 MHz sine wave test signal in place of the LDAR signal. 

The purpose of the 1 MHz sine wave signal is to check the data • 
transmission system, as well as to provide a calibration signal 
for the tape recorders at the central site. 

Three, Wl, W2, and W3, of the six re 'ote stations use 
Type 1 Receiving Station instrumentation. The other three. Ml, 
M2, and M3, use the Type 2 Type. 


♦The numbers A-1, A-2, etc. refer to data sheets given in the 
Appendix. 
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i i . Type 2 Type Receiving Station. Figure 3 

In the Type 2 Receiving Station the LDAR signal Is not 
sent separately but Is combined with the E-fleld signal for 
transmission by microwave link to the central station. 

In the Type 2 Receiving Station Instrumentation, Figure 
3, the LDAR portion differs by the absence of switches SI and 
S2, and the absence of a video cable. Data transmission checks 
previously effected by switch S2 are now accomplished by switch 
S5, which Is used to Inject a 1 MHz calibration signal. Before 
transmission by microwave link A«4 the LDAR signal Is combined 
In a summing amplifier A-5 with a second signal (either the 1 
MHz calibration signal or the E-fleld signal). A different 
microwave frequency, near 7.5 GHz, Is used at each of the three 
remote sites Ml, M2, and M3. 

2. The E-fleld Signal Tran'jmisslon 
1 . Type 1 Receiving Station Figure 2 

The E-fleld signal Is picked up by a sensing plate A-6, 
which Is designed to respond to changes In the electrical field 
over the frequency range 1 KHz to 5 MHz. A 600:124 ohm 
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matching transformer A-7 couples the signal to a balanced 
coaxial transmission line approximately 200 meters long. A 
124:50 ohm matching transformer A-8 converts back to an 
unbalanced signal. From the transformer the signal goes to a 
switch S3 designed to permit the Insertion of a 1 MHz calibra- 
tion signal. The output of switch S3 goes to a bipolar log- 
arithmic amplifier A-9. The log compressed signals pass to 
switch S4 which Is Inserted to permit calibration of the line 
delays, as will be explained later. From the switch the signal 
passes to a line driver amplifier (one half of summing ampli- 
fier A-5) to a separate wideband cable A2A-2, A-10 for trans- 
mission to the central site. 

1 1 . Type 2 Receiving Station, Figure 3 

The electric field signal flow for a Type 2 Receiving 
Station Is shown in Figure 3. The signal flow Is similar to 
that already explained for the Type 1 Receiving Station. 

Switch S4 Is not needed, since the line delay checks are 
accomplished by the summing amplifier A-5, and the signal 
transmission checks are accomplished by use of switch S5. A 
line driver Is not used. Instead the signal passes to a 
summing amplifier A-5 where It Is combined with the LDAR 
signal. The combined signal modulates the 7.5 G.'lz microwave 
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link A-4 for transmission to the central site. 

Summing the LDAR signal on a single link without filter- 
ing is possible because the two signals are separated in time 
as well as in frequency. 

The electric field signals and the LOAR signals do not 
occur at the same time on a microsecond scale. The electric 
field signal corresponds to ground strikes. The LOAR signals 
correspond to electrical discharges in the clouds. LDAR 
signals are not observed during ground strikes. 

The energy in the electric field waveform signals is 
primarily confined to frequencies below 1 MHz. The energy in 
the LDAR is primarily confined to frequencies above 1 MHz. 

3. Calibration of the Remote Site Transmission Links 

The transmission links to the remote sites require cali- 
bration of their transmission characteristics and their time 
delays. 

The transmission characteristics of the links must be 
checked in order to assure the quality of the data trans- 
mission. 



The time delays must be measured In order to determine 


the true difference in the times of arrival. For the LDAR 
System, this problem is solved by the use of an artificial 
lightning generator at a fixed, known position, the Vertical 
Assembly Building, VAB. Time delays from the VAB to the remote 
sites are readily calculated from the survey data. The measur- 
ed delays will differ from the true delays by the additional 
delays in transmission from the remote sites to the central 
station. Knowing the true delay, it is a simple matter to set 
in appropriate delays in units of 0.05 microseconds steps pro- 
vided for in the Biomation boxes and further co introduce even 
smaller corrections via the software until the measured delays 
correspond exactly to the delays calculated from the survey 
data. Having corrected for the transmission line delays in 
this manner, all that is necessary is to check the delays from 
time to time. Past experience has shown the delays to be very 
constant . 

The most direct way to determine the delays in the 
E-field transmission links to the remote sites is to use a 
lightning j^enerator that will simulate a ground strike, induc- 
ing a usable signal in the remote E-field sensors. However, 
such a simulator is not currently available. 
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We will therefore, use the output from the LOAR receiver to 
provide a calibration pulse for the electric field measurement 
portion of the system. Using an LDAR antenna at each remote 
site, excited by the LOAR lightning simulator at the VAB, we 
have available signals of know delays at each of the six remote 
sites. As in the case of LOAR lines, the observed delays at 
the central station can be compensated to correct the delays in 
the video cables from the remote sites. 

1 . Transmission Characteristics of the Oata Links 

Because of the difference in the switching, we will 
discuss the implementation of the calibration and control 
switching for the Type 1 and the Type 2 Receiving Stations 
separately. 

i . Type 1 Receiving Station. Figure 3 

The schematic for the Type 1 Receiving Station has 
already been presented in Figure 2. 

There are two wideband video cables whose transmission 
characteristics needs to be checked. Energizing switch S2 
connects a 1 MHz sine wave signal of know amplitude to the 
input of the wideband video cable A2A-1, A-10. The trans- 
mission characteristics are evaluated by measuring the output 
at the central site. 
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Energizing switch S3 connects a 1 MHz sine wave signal 
of known amplitude to the Input of the bipolar log amplifier 
A-9, which feeds the second wideband videocable, A2A-2, A-10, 
Measurement of the output at the central site provides us with 
the transmission characteristics of the combination of the log 
amplifier and the A2A-2 line, permitting us to evaluate their 
performance. Since the Input signal Is a sine wave, the trans- 
fer characteristics of the combination of log amplifier and 
A2A-2 line can be determined and used by the computer to pro- 
vide an anti-log function that Is required to reconstruct the 
waveform. 

1 1 . Type 2 Receiving Station, Figure 3 

The schematic for the Type 2 Receiving Station has 
already been presented In Figure 3. No wideband video cables 
need be monitored here, since the signal Is transmitted by a 
microwave link. The overall transmission characteristic of 
the logarithmic amplifier A-9 and the microwave link A-4 deter- 
mined by applying a 1 MHz signal of known amplitude to the 
Input of the logarithmic amplifier by means of switch S5. 
Measurement of the output of the microwav link at the central 
site provides us with the required transm1ss1c»r characteristic. 
2. Transmission Line Delays 
1 . Type 1 Receiving Station. Figure 2 

The schematic for the Type 1 Receiving Station was given 
In Figure 2. 
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To calibrate the delays In the wideband A2A-1 video 
cable A>10, the switches SI and S2 are left In the unenergized 
position shown. The LDAR signal passes through switches SI and 
S2 directly to the A2A cable. Delay calibration Is effected by 
operation the lightning simulator cn the VA6 and comparing the 
delay measured at the central station with the calculated 
delay. The difference between the calculated and measured 
delays gives the line delay ccrrectlons. 

To calibrate the delay In the wideband video cable 
A2A-2» an LDAR signal Is substituted for the E>f1e1d waveform 
signal by enrrgizing switches SI and S4. This feeds the LDAR 
signal to the line driver amplifier (one half of summing ampli- 
fier A-5) and to the AlA-2 wideband cable. The difference 
between delay measured at the central site and the calculated 
delay provides us with the delay of the line dr1ver/A2A-2 line 
combination. 

11 • Type 2 Receiving Station. Figure 3 

The link delay for the electric-field waveform signal Is 
the same as that for the LDAR signal , . since both signals use 
the same microwave i ink» Figure 3. Therefore, no extra switch 
or calibration Is required. The LDAR link delay Is determined 
In the usual way by operating the lightning simulator and tak- 
ing the difference between the calculated and the observed 
delays* 
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CENTRAL STATION 


The interconnection diagram of the central station 
instrumentation is shown in Figure 4. In addition to receiving 
data from the remote stations, the central station receives 
off-the-a1r signals which are used for comparison with the 
remote signals to effect the crucial measurement - the differ- 
ence in the ti me-of-arri val . 

A considerable amount of redundancy is incorporated in 
the remote stations. Only three of the six remote stations are 
required in order to obtain data. The other three stations 
constitute a completely independent hyperbolic system, which is 
used to check the validity and accuracy of the data. 

1. The LDAR Signal Flow 

The signal flow up to the calibration switch is identi- 
cal to that already discussed for the remote site. From the 
LDAR Antenna A-1, the signal flows through a 60-80 MHz bandpass 
filter A-2, a logarithmic amplifier A-3 to a calibration switch 
S6 which permits the insertion of a 1 MHz signal for calibra- 
tion purposes. From the calibration switch, the signal is fed 
into a wideband video switch. In this case the switch is used 
as a distribution amplifier. One output feeds tne LDAR signal 
directly into the input of a Biomation Model 8100 transient 
recorder A-11. A second output from the video switch (distri- 
bution amplifier) A-12 is used to drive a second distribution 
amplifier A-13 which feeds the signal to wideband analog tape 
recorders A-14. 
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In this Instance, the video switch performs no switching 


function but is included in the circuit primarily to equilize 
the time delays for all circuits. 

2. The E-Field Signal 

The central station uses the same type of electric field 
sensing plate A-6 as is used at the remote sites. The signal 
flow path from the plate sensor to the logarithmic amplifier 
A-9 is the same as the remote sites with the addition of a step 
attenuator (0 to 12 db, 1 db steps) prior to the input of the 
log amplifier. The output of the amplifier is fed to a wide- 
band video switch which acts as both a distribution amplifier 
and a time delay equalizer. One output from the switch is fed 
directly to the input of Biomation transient recorder #2, A-11. 

This transient recorder is used to trigger the system on 
positive (+) electric field changes and digitally records the 
waveform data from the E-field plate sensor. The second output 
from the video switch is used to drive a second distribution 
amplifier A-13. The outputs from this amplifier are fed to a 
wideband analog recorder A-14 and are also fed to the frequency 
meter (discriminator) and to peak-reading voltmeter A-15. The 
frequency meter and peak voltmeter are used as ancillary 
monitoring equipment and are not required for system function. 






3. The Data Lines 

There are nine remote data lines feeding into tb‘ ,^ut 
unit which is located at the central LDAR site. Three of the 
lines originate from remote Type 2 Receiver Station and contain 
composite LDAR and E-field data (LDAR and E-field data are jum- 
med together and transmitted by microwave link to the central 
site). These lines are designated M-1, M-2, and M-3 on Figure 
1. The composite signals enter through microwave receivers 
located on the roof of the Central site. From there, the sig- 
nals are sent over balanced coaxial cables (approximately 30 
meters long) to minimize the pickup of spurious signals. The 
balanced signal lines are converted into single-ended signals 
by the input transformers. The signals are thrn routed through 
step attenuators to the input of the video switch unit. Since 
both signals are combined (LDAR and E-field), it is not neces- 
sary to provide a switching function. As in the case of the 
local signals the video switch is used only as a distr bution 
amplifier and a signal delay equalizer. One output from the 
video switch is fed directly to the input of a Biomation trans- 
ient recorder. The signal from M-1 is fed to Biomation trans- 
ient recorder #4, M-2 is fed to #6, and M-3 is fed to #8. The 
second output from the video switch is used to drive a distri- 
bution amplifier A-13. The output from the distribution ampli- 
fier is fed to analog recorders 1 and 2, A-14 (see also Fig. 7). 
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A third output is fed to a peak-reading voltmeter A-15 
(one for each channel). The peak voltmeters are to gather data 
on the level of signa s being received and they also provide a 
realtime indication of the relative signal level from each of 
the stations. Such an indication is useful in determining that 
all stations are functijrmg. Six additional lines are avail- 
able from the Type 1 Receiving Stations. he data frrii, the re- 
mote stations is transmitted via wideband A2A lines A-10 (5 MHz 
bandwidth). The three circuits that carry LDAR data are desig- 
nated W-1 LDAR, W-2 LDAR, and W-3 LDAR. These circuits are of 
the balanced configuration and are converted to a single unbal- 
anced configuration by an input matching transformer (124:50 
ohms) A-8. The signals from the matching transformer are fed 
through step attenuators to the J-1 input of a wideband video 
switch. 

A second input to each of the video »Jwitches comes from 
the second circuit from each of the Type 1 Receiver remote 
stations. These circuits carry the E-field data and are desig- 
nated W-1 E-field, W-2 E-field, and W-3 E-field, in Figure 4. 
These E-field circuits are of the balanced configuration and 
are fed directly into a balanced input (input J3) of the video 
switch. The video switch performs both a switching and a feed- 
through function. The LDAR signals applied to the input J1 
appear on the output connector J5 unswitched. Likewise the 
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E-field data which is applied to input connector 13 appears a', 
output connector J6 as an unswitched signal in an unbalanceo 
(signal ended) configuration. The signal appearing at output 
connect'^r J4 is the switched function ar.d c^n be either of the 
input signals depending upon the switching command, Tne normal 
unswitched output is the LDAR signal. In both cases the 
unswitched outputs J5 and J6 are both fed to distribution 
amplifiers A-13 which in turn drives analog r*ecorders 1 and 
A-14 and provide an output to the peak-reading voltmeter 
system- 

The switchod output J4 is connected directly to the 
input of a Biomation transient recorder. Tho signals from the 
W-1 site is fed to Biomation transient recordtr #3, W-2 site to 
recorder 5, and W-3 site to recorder #7. 

The trigger circuits of Biomation transient recorders #1 
and #2 are used to control the video switch. As previously 
noted, Biomation transient recorder #1 is used to record the 
waveform data from the local LDAR signal. When the LDAR signal 
exceeds a predetermined level, the system is triggered. Like- 
wise when the local E-field waveform signal exceeds a predeter- 
mined level, Biomation transient recorder #2 is triggered. The 
trigger outputs from transient Biomation recorders #1 and #2 
are combined so that trigger will provide a trigger signal to 
all other recorders in the system. In addition the trigger 
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signals from recorders 1 and 2 are logically combined such that 
a trigger from Biomation transient recorder #2 (E-field) with- 
out a trigger from recorder 1 (LDAR) will trigger the system 
and cause the wideband video switch to switch to the alternate 
state (E-field data to the Biomation recorders.) The switch 
activates when E-field change are detected without detectable 
LDAR signals. 

4. The Video Switch 

The video switch shown in Figure 4, fulfills an 
important function. Depending on the trigger signal it passes 
either the LDAR or the E-field signal to Biomation Units 3, 5 
and 7. There are actually eight switches A-12 in the video 
switch unit. Three switches (3, 5, and 7) are required for 
actual switching of remote lines. The additional switches are 
required for the central station LDAR and E-field signals. 

While these latter two switches do not actually perform a 
switching function, (since they are connected all tne time), 
they serve an important function in equalizing the time delays 
and frequency response characteristics. 
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C. Data Processing and Digital Recording 

The flow chart for the data processing and digital 
••ecording is shown in Figure 5, which represents a portion of 
Figure 4. We show here a preprocessor, three computers, three 
digital recorders, and a display terminal. 

Functionally the system processes LDAR at a limited 
rate, displays it locally, and also transmits a display to the 
weather office, and to Patrick AF Base. In addition tha system 
records LDAR data at a much higher rate in a digital format for 
later processing and analysis, and records electric field wave- 
form data. 

1. The Preprocessor 

The preprocessor fulfills an important function in that 
it greatly expedites the data flow rate, by a factor of at 
least 10 to 1. The preprocessor receives serial ly-digitized 
data in parallel from eight Biomation Units. Biomatlon Unit 1 
supplies the digitized, central station LDAR signal. Biomation 
Unit 2 supplies the digitized central station electric field 
waveform signal. The next six Biomation Units supply the 
digitized remote station data, which can be either LDAR or 
E-field waveform signals, depending on the video switch 
positions. 
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FfOURE 5. DIOITAL DATA PROCESSINQ ANO RECOBOING 



The preprocessor determines the time to peak and the 
peak value of each of the LDAR signals, and delivers this data 
to output A, and also to output B. It delivers the digitized 
waveform of each of the E*fleld waveform signals at the output 
terminal C, and It delivers a sync pulse. 

The preprocessor also conducts several data checks. By 
conducting these tests In hardware, rather than software, pro- 
cessing time Is reduced. Amplitude checks of the data assures 
that It Is above a selected minimum level and below the satura- 
tion level. Time checks assure that the delays for each 
station lie within the limits dictated by system geometry. The 
amplitude check eliminates noisy «is well as saturated data. 

The time check eliminates false data points. 

The operation of the preprocessor clarified by Figure 6, 
In which a protlon of Figure 4 is also shown. In particular, 
the video switch which switches from LOAR to E-fleld waveform 
data since the operation of the preprocessor depends on whether 
the data Is LDAR or E-fleld waveform data. 

Video switch S8 Is shown linked to switch S9 In the pre- 
processor. In operation, a signal from the video switch unit 
operated a gate S9 In the preprocessor. When the video switch 
Is In the LDAR position, the gate S9 Is open. When the video 
switch is In the E-fleld data position, the gate S9 is closed, 
connecting the Time and Amplitude sub-unit to the data storage 
register. 
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FIGURE 6. HiERiOCESSOR FWCTIONAL DIAGRAM 
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When operating In the LDAR data mode (switch $8 up), 
switch S9 is open, interrupting the data flow to the storage 
registers. Hence there is no output at terminal C in this 
mode. Instead the data output appears at terminal A, and 
consists of the time to peak, amplitude of the peak and GMT, to 
a resolution of one millisecond. 

In the E-field waveform mode, the gate S9 is closed, and 
data flows from the Time and Amplitude sub-unit to the storage 
registers, here shown as A1-A8 and B1-B8, since there are eight 
A and eight B registers, one for each of the eight Biomation 
units (Units 1-8) that feed their input into the preprocessor 
in a manner similar to the one unit that is illustrated in the 
figure. Digitized waveform data, buffered by the storage 
registers, appears at output terminal C. Time to peak data is 
available at output A Figure 5 during waveform processing. The 
switch signal overrides the amplitude and time constraints. 

For E-field signals, switch SIO is initially in the 
A1-A8 position. The preprocessor loads memory A1 with the 2048 
8-bit words (lOOus of data) that make up the E-field waveform. 
When memories A1-A8 are completely loaded, switch SIO moves to 
the B1-B8 position, and the preprocessor is ready ta load the 
next E-field waveform into memories B1-B8. Since the loading 
time is 2 milliseconds and the unloading time is some 7 
seconds, the above arrangement makes is possible to record two 
E-field signal waveforms as close as 2 milliseconds. However, 
the third waveform must wait 7 seconds. 
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Data from Biomatlon box 1 has the time of day coded into 
the last 2S words of the 2048 words of output data. 

2* Digital Data Processing and Display of LDAR Sign~:1s, 

Figure 4 

In real time either LDAR or electric field waveform data 
is processed by the Biomation Units, depending on the position 
of the video switch. 

If the video switch is in the LDAR position (see Figure 
4) the Biomation transient recorders capture 100 segments of 
LDAR data, which they pass over to the Preprocessor Unit for 
processing. 

The times of arrival and amplitudes of the peaks of the 
seven LDAR signals are determined by the preprocessor from the 
digitized input waveforms. The time required by the preproces* 
sor to scan the Incoming Biomation data and to determine the 
peak and the time to the peak is 2.048 milliseconds, which is 
considerably less than the 40 milliseconds that it takes the 
2100S computer to process the data. To avoid losing data in 
periods of high density data bursts, a data buffer is provided 
that will permit the system to accept high density data up to a 
data rate of 500 per second corresponding to a 2 millisecond 
Interval. The buffer function is fulfilled by a 240 word by 
16>b1t First-In-First- Out (FIFO) buffer. 
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The output of the FIFO buffer feeds the preprocessor 
output terminal A (Figures 5 and 6), supplying time to peak, 
and local GMT time data to the 2100S computer A*16. 

The 2100S computer stores the incoming data in a word 
buffer within the 2100S computer. When the buffer is full, the 
data is recorded on the 7970 digital tape recorder A>17 at 800 
BPI. 

The 2100S software attempts to compute the X,T,Z for all 
valid data, as time permits, using an assembly language program 
that takes some 40 milliseconds to solve the hyperbolic equa« 
tions that determine the position X, Y, Z. Data is read 
sequentially from the buffer. If the buffer fills up before 
all the data is processed, the buffer contents are stored on 
the 7970 digital tape recorder A-17. New data is then stored 
in the buffer and real time processing continues. When the 
data is stored it is lost to real time processing. 

The computed Xi,Y 2 , Zj, squared and X^, ^ 2 * ^2 squared 
data is fed to the 2116 computer A-18, which conducts a number 
uf checks on the quality of the data and in particular compares 
the position determined by the two independent LOAR networks. 
Unless the data from the two independent systems agrees 
closely, the data is rejected. This is a very Important fea* 
ture of the system and assures that only high quality data will 
be presented on the display to the weather office. The pro- 
grams In the 2116 computer plot the data in a PPI presentation 
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on a Tektronix 2025 Terminal A-19. Remote data is provided by 
a TV compatible video signal which is sent by wideband cable to 
the Weather Office and to Patrick AF Base. 

Data recorded by the 7970 recorder A-17 can be played 
back, post test, to the 2100S computer A-16 which solves the 
hyperbolic equations, and passes the X,Y,Z position data onto 
the 2116 computer A-18 for checks and for plotting in the 
manner already discussed. This data processing is serial. All 
valid data is processed. 

3. Digital Processing of E«Field Data 

When the video switch is in the electric-field waveform 
position, Biomation Units No. 2 to 8 capture 100 microsecond 
segments of electric-field waveform data. The LDAR waveform is 
also recorded. This data is fed to the preprocessor in 
parallel at a rate of one word per microsecond. The 
preprocessor formats the data and passes it onto the HP 2114 
Computer A-20, which packs eight Biomation unit waveforms, 
together with GMT time, (to a resolution of 1 millisecond) into 
a matrix for recording on the TM-7 digital recorder A-21. 

When the system is triggered by Biomation unit #2, the 
video switches are programmed to switch to the E-field posi- 
tion. Biomation units #2, 3, and 5 will then record E-field 
data. Biomation unit #1 records normal LDAR data from the 
central site, and Biomation units #4, 6, and 8 will record a 
composite E-field and LDAR data. 
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4. Analog Recording of E-Field Waveform Data 

Analog recorders are used to record incoming electric 
field and LDAR waveform data. 

Recording of the electric field waveform data is shown 
in Figure 7. The signal can represent any of six remote lines 
or any of two central station signals, as shown earlier in 
Figure 4. For illustrative purposes we show, and we discuss, 
only one of the eight signals. 

We start with the raw E-field signal at the distribution 
amplifier A-13 shown in Figure 4. As we show in Figure 7, out- 
put of the distribution amplifier A-13 goes to the input of an 
Ampex FR 1800, 1 inch. 120 IPS, 100 Hz to 1.5 MHz analog tape 
recorder A-14, labeled Recorder 1. Output 2 consisting of the 
same signal is fed to another Ampex FR 1800 analog tape record- 
er, labeled Recorder 2. The functions of the two recorders is 
to permit the continuous recording of data. As Recorder 1 
nears the end of its tape. Recorder 2 is readied, and is 
switched in at the moment Recorder 1 ceases. In turn, while 
Recorder 2 is nearing the end of its tape. Recorder 1 is 
readied to take over as Recorder 2 reaches the end of its tape. 
The channel assignments used are given in Table I. Output 3 
goes to a peak reading voltmeter, A-18 which is used to check 
system operation. 

As Figure 7 shows, we also record the sync pulse, radar 
signals, and housekeeping data on channels 12, 13, and 14. The 
sync pulse Is provided as a marker to show which data is being 
processed by the LDAR system. 
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FIGURE 7 analog RECORDING, SIGNAL FLOW 
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Channel 




TABLE I 

CHANNEL ASSIGNMENT, ANALOG RECORDERS 1 AND 2 

1 Raw LDAR, Site 0 

2 Raw E-Field, Site 0 

3 Raw LDAR, Site W-1 

4 Raw E-Field, Site W-1 

5 Raw LDAR and E-Field, Site M-1 

6 Raw LDAR, Site W-2 

7 Raw E-Field, Site W-2 

8 Raw LDAR and E-Field, Site M-2 

9 Raw LDAR, Site W-3 

10 Raw E-Field, Site W-3 

11 Raw LDAR and E-Field, Site M-3 

12 Sync 

13 Composite Data 

(a) I RIG 8 Timing 

(b) Multiplexed Data 

(c) Audio Notes, Annotation 



IV. 


SOFTWARE 




Three Hewlett Packard computers, Numbers 2100S, 2114, 
and 2116 are used to process the digital data, as illustrated 
in Figure 5. The software for these computers will be discuss- 
ed in turn. 

1 . The 2100S Computer, A-20 

Program 1 performs several functions: (1) it inputs data 
from the FIFO buffer (see Section III C.2) and stores it in an 

internal buffer. As long as data is available from the FIFO 

buffer, the program will continue to input data into the 
internal buffer. When the internal buffer is filled, the 
program records the data in the buffer on the 7970 digital tape 
recorder, A-17. If the program finds no new data in the FIFO 
buffer, (2) it proceeds to the next unprocessed data point in 
the internal buffer and tests the data for sign, and for the 
difference in the time of arrivals. The signs may not all be 
of the same sign, and the maximum difference in the time of 

arrival for each leg must be less than the length of the leg 

dircates. If the test is passed, (3) the program calls up an 
assembly language subroutine which solves the hyperbolic equa- 
tions and computes X, Y, and Z squared two times, once for each 
of two independent sets of three remote recei.ing stations. 

The program passes this data to the 2116 computer A-18 for plot- 
ting. If either test fails, the program goes back to get new 
data from the FIFO buffer. If the 2116B is busy and cannot 
accept data, it returns to FIFO. 
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The program utilizes the characteristics of lightning 
data to minimize data loss during the 40 milliseconds that is 
required to solve the hyperbolic equations. During bursts of 
data, wiien there is no time to take 40 milliseconds to solve 
the hyperbolic equations, all the data coming in is stored for 
recording. Solution of the hyperbolic equations (and hence 
plotting of the data) is delayed for an instant, uniil there i^> 
a momentary patre in the incoming data. 

Program No. 2 is an off-line program which computes the 
constants used in the hyperbolic solution for any g^ven geo- 
metric configuration on the three remote and the one central 
station. This program is required when a new site is, set up, 
or when an established site is moved. 

The 2114 C omputer. A-20 

Program 3 inputs waveform data from th“ preprocessor. 
Waveform data is inputted by the program from the preprocessor 
as a 16-bit word. The program also supplies a signal to the 
preprocessor to unpack data from the A and B storage buffers at 
soon as it makes use of this data. Waveform data is stored in 
a storage area, and is outputted to a digital tape recorder 
TM-7, A-25 in a matrix suitable for recording, each time the 
matrix is filled. 
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3. The 2116 Computer, A-18 

Program 4 performs checks on the Input data points and 
plots them on an IDAR display. The program Inputs data from 
the 2100S A-16, and compares the XI, Yl, Z1 coordinates 
computed by the 2100$ computer for LOAR configuration No. 1 
Mith the X2, Y2, Z2 coordinates computed for the Independent 
configuration No. 2. Unless the coordinates agree, the data 
point Is rejected. 
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V. DATA REDUCTION 

1. LDAR Data 

As discussed in Section III C.2 under LDAR Data Process- 
ing and Digital Recording all LDAR data points greater than 2 
Milliseconds apart are recorded by a 7970 Digital Recorder A-17 
A-17 In a format that provides the peaks, the time to peaks, 
and GMT time to a resolution of one millisecond for all six 
remote and one central station site. To play this data back, 
we use the 7970 digital tape recorder A-17 shown In Figure 5, 
to Input the data to the 2100S computer A-16. The 2100S 
computer calculates X, Y, and Z and outputs this data to the 
2116 computer, A-18. TMs processing Is the same as that 
already described In Section IV. 

The displayed data. If desired, can be recorded on a 
magnetic disc, facilitating data analysis by allowing rapid 
access for slicing. 

2. Waveform Data 

Waveform data that was recorded on the TN-7 recorder 
A-21 (see Section III C.3) Is played back on the 7970 recorder 
A-17 and fed Into the 2100S computer A-16 (see Figure S). The 
time delays required for ground strike location 1$ determined 
by the cursor readout features of the display terminal A-22. 

Ground strike positions X, Y are computed from the time 
delays using the assembly language subroutine for solving the 
hyperbolic equations, with modified constants to account for 
the difference In the placement of the sensors. 
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APPENDIX 


A-1 

LDAR Antenna 

A-2 

Bandpass Filter 

A-3 

Log IF Amplifier 

A-4 

Microwave Link 

A-j 

Line Driver Summer 9804 

A-6 

Electric Field Sensing Plate 

A-7 

Matching Transformer 

A.8 

Matching Transformer 

A-9 

Bipolar Logarithmic Amplifier 

A- 10 

A2A Wideband Video Cable 

A-11 

Biomation Transient Recorder 

A-12 

Video Switch/Distribution Amplifier 

A-13 

Telemet Distribution Amplifier 

A-14 

Ampex FR 1800 Analog Recorder 

A- 15 

Peak-Reading Voltmeter 

A-16 

HP 2100S Computer 

A-17 

7970 Digital Tape Recorder 

A- 18 

HP 2116 Computer 

A-19 

Tektronix Terminal 

A- 20 

HP 2114 Computer 

A-21 

TM-7 Digital Tape Recorder 

A-22 

4010 Computer Display Terminal 
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A-3 Log IF Amplifier 


LSJC=T] Lc^ 


Test Data is provided on all RHG products. Additionally, RHG will provide dependable and 
rapid service, technical assistance and assure product support to our customers. Warranty pro- 
visions are outlined on the anached sheet. 

! ELECTRICAL TEST DATA 

1 

I 

I MODEL lun- LST40HH27MAT DATE: March 21, 1977 

SERIAL MO: 10-680-lB DATA TAKElM BY: - 


CENTER FREQUENCY: 

OB BANDWIDTH: 

INPUT IMPEDANCE: 

INPUT VSWR: 

LINEAR'iF GAIN: 

DYNAMIC RANGE: 

LOG ACCURACY: 

OUTPUT VOLTAGE RANGE: 
flISETIME: 

POWER DRAIN: 


40 MHz 


23 MHz 


50 T; 


l.2:L 


OK 


>80 dB 


<±1 dB 


SEE CURVE 


~ 50 nsec 

+12 V at 50 nA 
■■t 12 V at .55 nA 


COMMENTS: 

LIMITED IF OUT +3 dBm 
MATCHING DATA SEE 10-680-U 


I 

i 


j 


<1 


RHG EUCTROrJICa LABORATORY, INC. 


\i\ CAST INOUSTIIV COCffT DCEH MftK H V 1X719 


Sll) 24E1100 


rWV 9X0 727 ^ 
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A-U Microwave Llnlc 


RHG ELECTRONICS LABORATORY 


MODEL NO. MLRW7.1A691 
SER^'i NO. 8-626-lB 


DATE 8/18/75 

DATA BY LMW 


6.0 SIGNAL STRENGTH AND NOISE 


RF LEVEL 

LOG VOLTAGE 
(Into 1000 Ohm) 

SIGNAL TO NOISE 
(El A WEIGHTED) * 

-10 

+3.42 

VDC 

66 

^dB 

-20 

+2.99 

VDC 

66 

dB 

-30 

+2.54 

VDC 

66 

^dB 

-40 

+1.94 

VDC 

65 

dB 

-50 

+1.39 

VDC 

6D 

dB 

-60 

+0.42 

VDC 

52 

dB 

-70 

+0.48 

VDC 

42 

^dB 

-75 

+0.25 

VDC 

34 

dB 

-80 

+0.02 

.VDC 

21 

dB 

No Signal 

-0.04 

VDC 


dB 

NOISE MEASURED WITH VIDEO GAIN SET TO PRODUCE IV p-p OUT 
INTO 75 OHM WITH A DEVIATION OF 8 MHz. 
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A-6 Electric Field Sensing Plate 
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DISC ASSEMBLY 

(ALUMINUM, 3/16" THICK. ANY HARDNESS) 



^5 



VV ■'Hr' 


FRAME ASSEMBLY 

(MAKE FROM ALUMINUM CHANNEL) 
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^2 HOLES 
11 / 16 " 

>2 HOLES 


MATjSRIAL 
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PLATE ASSEMBLY 

(MAKE FROM 3/16" ALUMINUM - T6 HARDNESS) 
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A-8 

Line Hatching Transformer 
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A-9 Bipolar Logarithmic Amplifier 


1.0 SPECIFICATION OF MODEL 2540 

1.1 Transfer Function 

1.2 Dynamic Range 

1.3 Maximum Logarithmic Error 

1.4 Input 

1.4.1 Dynamic Range 

1.4.2 Resistance 

1.4.3 Polarity 

1.4.4 Offset Voltage 

1.4.5 Bias Current 

1.4.6 Power Supply Sensitivity 

1.4.7 Warm-Up Time 

1.4.8 Warm-Up Time 

1.5 Output 

1.5.1 Dynamic Range 

1.5.2 Coefficient 

1.5.3 Dynamic Resistance 

1.5.4 Minimum Load Resistance 

1.5.5 Polarity 

1.5.6 Temperature Coefficient 
OEI 

Optical Electronics Inc. 


Page 1 

Biploar Logarithmic Amplifier 

60dB minimum each input 
lOOdB minimun cascaded 

^31 of ojtput maximum 
+1X of output typical 

10 millivolts to 1C volts 
fuil scale each input 
lOOuvolts to 10 volts 
full scale cascaded 

600 ohms - input A 
2000 ohms - input B 

Bipolar 

^30 Volts maximum 

-30 amps maximum 

+30 volts/volt maximum 

3 minutes maximum 
for +10 millivolts 

15 minutes maximum 
for +1.0 millivolt 

+10 volts full scale 

1.5 volts/decade typical 

20 ohms maximum 

250 ohms for full output swing 

non- inverted or inverted 

J^.15X/<’C maximum 

P.O. Box 11140 * Tucson, Arizona 85734 


Phone (502) 624-8358 
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1.6 Frequency Response 

1.6.1 Lower -3d8 Frequency 


Externally determined, 
see Section 5.0 


SPECIFICATIONS OF MODEL 2S40l 


1.6.2 Upper > 3dB Frequency - 
Large Signal 

1.6.3 Upper - 3dB Frequency - 
Incremental 

1.6.4 Slewing Rate 

1.7 Temperature Environmental 

1.7.1 Operating Range 

1.7.2 Storage Range 

1.7.3 Thermal Resistance of Module 
1./.4 Quiescent Temperature Rise 

1.8 Power Required 

1.8.1 Minimum Voltage 

1.8.2 Nominal Rated Voltage 

1.8.3 Maximum Voltage 

1.8.4 Quiescent Supply Current 

1.8.5 Quiescent Power Dissipation 

1.9 Size 

1.10 Height 

1.11 Socket 


5 HH 2 minimum 

IONH 2 minimum 

+150 volts/second minimum 

*55 *C to +75 *C 
-65*C to +100®C 
12**C/watt maximum 
49** above ambient maximum 

+12 volts 
H5 volts 
+16 volts 

+135 mill lamps maximum 

4050 milliwatts maximum 

3.125 inches by 2.625 inches 
by 0.625 inch high 
7.94 cm by 6.67 cm by 
1.59 cm high 

5.3 ounce 
150 gm 

OEI Model 11028 


NOTES: 1 • The above specifications are measured at +15 volts supply 

and 25* ambient. 

OEI 

Optical Electronics Inc. P.O. Box 11140 * Tucson, Arizona 85734 


Pho .16 ( 502 ) 624-8358 
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1.12 MTBF- 

-per-MlL-HD8K-217B-Gi 

87,000 hours 

SPEC IHCAT IONS OF MODEL 9801 ^ 


1.8.2 

Nominal Rated Voltage 

+15 volts 

1.8.3 

Maximum Voltage 

+18 volts 

1.8.4 

Quiescent Supply Current 

+33 mill lamps maximum 

1.8.5 

Quiescent Power Dissipation 

990 milliwatts maximum 

1.9 Size 


1.125 inch square by 

0.375 inch high 

2.86 on square by 0.95 cm 

high 

1.10 Weight 

0.6 ounce 
17 gm 

1.11 Socket 

OEI Model 11026 

1.12 MTBF 

-per-MIL-HDBK-217B-GF 

275,000 hours 

1.13 SPECIFICATIONS OF MODEL 9804M3 


All 

specifications are identical except 

for the following: 

1.5.1 

Output Swing 

+10 volts minimum into 
a 500 ohm load 

1.5.2 

Maximum Load Resistance 

+20 millianps minimum 

1.5.4 

Minimum Load Resistance 

500 ohms for full output 
swi ng 

1.7.1 

Operating Temperature Range 

-55®C to +125®C 

1.7.2 

Storage Temperature Range 

-65 ®C to +125 ®C 


NOTES: 1 - The above sj^cif ications are measured at +15 volts supply 

and 25® ambient. 


OEI 

Optical Electronics Inc. P.O. Box 11140 * Tucson, Arizona 85734 


Phone (502) 624-8358 
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biomoHon 


A-n Blcmatlon T«nBlent SMord«r jyjQpEL 8100 

transient recorder 

T«cbmc*t 



real-time 8-bit a-0 conversion and storage at 100 MMX 


features 




. Hi* ,p»d d«. 

. cptom tranwmt wavefomi. o. «eumiM» 

• Wide Irequentv 'eipome of OC to 28 MHi. 

0 vettetlle A-m end Tri«er cncoits with t«»hte 

• VMsa^w . ,.___T 0*ec. or external sampling. 

• Selectable sample intervals. 10 nsec. 10 

• ... RO mV to 5 V bill scale input ranges, 

e Tvro differential inputs. 50 mV ««e.trtggar" operation and dual 

sample rate recording. 

. Anrto,outpotfo.CRT,ploto.t«.ipoh«rtreeo«le«. 

. Bin-V output lot di.it- P«««o,. « bud. 


• 1^ I 


btomofion 


10411 bubb road 


, cupenino. cMdotoia 95014 (408) 255-9500 
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1.4 Specifications 


Afltlil l«p«t DmctmUo: 
IWMit 


hipvt Vollaft Rtfiff 

MiKitiNim Input 

InpnC C#npliii| 

NipnC OffiiC 



CMMMn Unit Riftctioii 
DC Slikilitv 
Gain Sukiity 


Tmo indaptndtnt channtls. mcH difftrtntial or sin^lt tndtd Dual chenna! optration (inpuU ampitd 
aftsrnattiy) li pat imstibie tor ttmpla inttrvals of 100 nsoc or groator. 

M) otin«, iKh input to ground. Unit will accommodita standard FET Ktiva probat to achiava 10 magohm. 
10 pf input impadance with 10:1 voltaga division. 

t50 mV to tS V full scalt (100 mV to 10 V paak to paak). Indapandant salaction on each channel by 7 
position (12 5 sequence) fever switch. Attenuator accuracy 13^ on any position. 

25 V paak, dV RMS 

AC or DC (nr each input of aach channal Time constant of lOOps on AC coupling. 

0 10 *0.99 of full scale, salartion in increments of 0.01 of full scale, 
t officala indicators to indicate signals beyond range of AOC 

OC to 25 MH/ for OC coupling on all ranges. Low frequency 3 db cutoff of 1.5 kHz on AC coupling. 

Ltu than 10 ns for recovery from 500% (5X) overload. Less than 50 ns for lOX overload. Subiact to 
maximum input voltages above. 

40 db from OT to 10 MHz. 

Drift, including offset of less than 5% of full scale over 24 hours. 

Gain changes test than 3% over 24 hours, less than 1% over 10 minutes. 


Aeeleg t o-Digitei Converter: 
Reiilifiieii 
Apertnre Time 
•It Reu 


8 bits (1 pari n 258* 3t all sampling rates. 

Less than 2 nanoseconds. 

809 mega bits per second at 0.01 *:<mple intervals. 


Time ieie end Miiiiery: 

Sewpie Intervol Intarnal: 0.01 ais to 10 sec in 1 2*5 sequence with range multipliers of pt« ms and sec. 

Externel: from separate signal source. Pulse of **^3 V to 0 V; risetime < pulse width or 50 ns, whichever is 
smaller, minimum width of 10 ns, restricted to ample intervals of 20 ns or longer. Nonlinear rates must 
remain in bands of <0.25 ms, 0.25 ms to 1.0 ms, >1.0 ms, 

Menwry Lenftb 2024 data words, shared 1012 per channel in dual channal uperetion. First SO words store events 

immediately preceding trigger. 

Tatal Raoerd Time 2048 x Sample Interval; varies from 20 to 20,000 ac (5.55 hr.) when using internal ample interval 

selection. 

Time lea 100 MH? ciystel controlled oscillator. 


Arm i«d TriM*' Ciwracteriaicf : * 

Amo Arm/Triggar pr« leri periodically by internal circuits. 

A. Manual by pii^ button. 

B. Internal from «ither channel. 

C. External frorr. aparate 5012 and 1 K 12 input connKtors. 



Icvil 


•jtT 4a I 

vfalP 


Positive or negative jel 'ctable. 

AC or OC lilecable (OC only lor internal, dual channal). 

Adjustable from 0 to i9.99 in incramenti of 0.01 of input range for intane); increments of 0.05 V (5012 
input) or 0.5 V (1 K12 input) for external. 

>50 ns. 


Ampmtie Cbenge 
tieeimum Inputs 
Deliy 

Daley SraMRtv/Acairacy 
Oynebmnlaing Cnnnee^^nns 


>200 mV external or 5% of input range lor intanel. 

5012 input, 25 V peek or 8 V RMS; 1 Ki2 input, 100 V peak or 30 V RMS. 

0 to 9990 Semple Intervals, selectebla in increments of 10 Semple Intervalt. 

± one Sample Interval. 

Rear panel BNC connections to permit limulteneout Arming and/or Tri^iting of multiple Model 8100 
uniti 


*Tht« specificationi apply leperataly to the Arm ar>d tha Trtggar lunctioni. 
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SPECIFICATIONS (CONT.) 
OfU Rtcortfing Modts: 

Normal 

PrMri||or 

Dual Tima last 


Display Output: 

Horixontal Daflaction Vohaga (X) Sweep ramp of V peak amplitude, 1 ms juration. Origin adjustable between -1 V and ^0.2 V. Expansion 

of rweep selectable at XI. X2. X5 or X10 (1 V. 2 V. 5 V. 10 V ramp). 

Vertical Daflaction Voltage (Y) .8 V full scale, amplitude adjustable from .5 to 1.2 V. Origin adjustable ±1 X full scale. Independent level 

adjustments for channels A and 6. 

Trigger (Z ) Ojo ^ V pulse for blanking, or for triggering scopes with internal time base. Also output as a 5 V to 0 pulse 

(Z). 

Display Calibrate Full scale square wave with period of 400 samples. 


Trigger input is enabled after (delayed) Arm signal. Recording begins ai (delayed) Trigger signal. Recording 
stops after 2048 sample intervals. 

Recording begins at Arm signal. Recording stops at (delayed) Trigger signal. This mode provides storage of 
preceding the trigger and allows user to ‘look back in time.” 

This mode permits the recording to start at one sampling rate and switch to another sampling rate during the 
sampling time. It is usable with either Normal or Pre trigger operatic^. This mode is not usable when one 
ample interval is greater than 0.5 ms end the other ample interval is less than 0.5 ms or whenever the 
second ample interval is 0.01 /usee. 


Plot and Digital Outputs: 

Off 

Auto 

Edit 

Plot Output 

Pen Output 
Digital Output 


Plot or OigiUi outputs not available. Unit automatically reverts to Display Output when not recording. 

Single data output (2048 words) available beginning at end of recording. Reverts to Display Output after 
data output completeci. 

Output mode enabled upon demand. 

0 to '1-1 V output for XT plotter or strip chart recorder. Initiated (when in ”edit” output mode) by digital 
instruction or momentary front pane) pushbutton. Standard output rate of 10 ms/point (20 sec total). 
20 ms/point for dual channel records. 

1.0 ms positive TTL pulse coincident with start of plot output. 0 to -t-3 V amplitude - optionally inverted. 
Also optional asa V signal level during the duration of the plot. 

Initiated (when in “edit” output mode) by digital command or momentary front panel pushbutton. See 
below for rates and levels. 


Digital Intorfaces: 
Prog/ammability 
Program Input 

Data Output 
Control Signals 


All front panel controls are programmable except display adjustments and power switch. 

16 bit parallel FTL levels (0 to +5 V). Electable positive or negative true. One in-eight address assignment 
and 3-bit address field. 

8 bit parallel, TTL levels, “open” when not “addressed.” Selectable positive or negative true. Asynchronous 
transfer under flag/command “handshake” control. Average data rates continuous from 1 x 10^ to 2 x 10^ 
words/sec. Data rates less than 1 x 10^ words/sec w^l exhibit up to 1.0 ms latency. 

“Command” input. 

“Flag” output. 

TTL (0 to -^5 V) positive or negative true. 


Siae 


Mtighi: 6.25" 06 cm) 

Width: 17“ (43 cm) 

Depth: 21” (53 cm), exclusive of front panel controls and connectors. 




QUALny 


Wbiglit 

Power 

WamiiCy 

Acceisoriii 


Approx. 60 lbs (27.2 Kg.) 

Approx. 200 W. 1 16/230 V RMS. 50 60 Hr. 

All Biometion products ere warranted against defects in materials end workmonsbip for one year from date 
of delivery. 

Each unit is supplied with a linreord. extender cards, two copies of the Operating end Service Manuel end e 
digital interface mating comwetor. 
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A-13 Teleinet 01 strlbut Ion AmpI I f ler 


description and purpose 

Tho Telechrcmo* Video Distribution Amplifier Model 320CKA1 Is'lnfeided for video signal distribu- 
tion In color and fflonochrone TV syslems* Designee^ primarily* as a unity gain device; eset* 
Model 320(^A1 provides four Idenflcat ard tso^nted outputs fora sligle ccnpOKlte or noi^ 
cuaposlte I iput* Up to eight amplifiers may be 'stalled on one frame to provide a total of 32 
outputs ford I rputs. 

The Model 3200*^1 Isa nor>-l rvertl line drivi rg amplifier for feedi rg video equipment requi r-> 

I ig a ncml net UO v p-p 1 rput f ran a 75 dim tra remiss Ion 1 1 ne« Its gal n Is contI ruously variable 
from 0*8 to 2*0; frequency response Is f let db fron 30 Hz to 10 hHz. Each amplifier has its 
orn Intarnal regulated power supply and Is operated fron a 105-123 vac line supply connected 
through the frame. 


SPECIFICATIONS 


AC II rm supply 

I rput Stgral* conp or nonconp video 
Output Signals - -- -- -- - — - 

Isolation at 500 KHz 

Isolation at 5 fWz - -- — - 


105'-125vac 50-60Hz* 2.0 watts (non.) 

0.5-1.25 V p-p for 1 v p-p out. 

Four Identical video signals 1 v p-p nominal. 
Greater than 32 db. 

Greater than 27 db. 


T re re far Characteristics (Unity Gal net 1 volt nonlrel) 


I rput ImpedBtve 

Output Impedance 

Gain-- 

Frequency Response 

Olf ferent lal Gain 

Differential Phase 

Tilt on 60 Hz wl ndow — 

Bounce for 1,0 v Step 

Ripple 

Signal to Noise Ratio (peak to peak) - - - • 
CroiS-Talk (output to Input) 

Physical Characteristics 


40 K ohm at 500 lOlz. 

75 chm^ 1 chm. 

Variable 0.6 to 2.0 
± 0.5 db 30 Hz to 10 MHz 
Less than 0.3]l 
Less than 0.4* 

Less than 1| 

Less than I2| 

Not greater than 1.0 mv p-p 
Greatar than 60db 
Less tha n 60 db 


Width 
Ha i ght 
Depth 
Weight 


2 . 00 « 
3.15« 
9.00»* 
20 QZ. 


EQUIPMENT SUPPLIED 


Since the model 3200-Al Is a coepletely self-co 
4000-Al or 4000«^1 fremi^ accessories are supp I 
Quantities of accessories are detenu I red by the 
followirg Items which are classified optional; 

Video Distribution Amplifier Unit 

Mountirg Fram (optional) 

Frame Exterdor (q>tlonal) ------ - 

Blank Panels (q>tlonel) 

75 chm Terml nations ( q>tlonal 


talnad unit desigrmd to plug Into the Model 
ed f^rthe frame rether than the amplifier. 
Individual purchase order ard may Include tha 


Merle I 3200-Al 

Model 4000-A 1/4000^1 

TMC Model 4102-Al 

TMC Model 4100-Al 

TMC Drawl rg No. AS-0017-2 


• Braid Name 


TOMET COMPANY 
AMITYVILLE, N. Y. 
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A-14 Anpex FRI800 Analog Recorder 


^e 1 


AMPEX 





TAPE TRANSPORT 





.SYSTEM CONTROL BAY 



RECORD BAY 
(CHANNELS 1-7) 


SCOPE OR METERI 

BAY (OPTIONAL) . W JE IN IN K X K 


JREPRODUCE BAY 
1(CHANNELS 1-7) 


SCOPE OR METER! 

BAY (OPTIONAL) I , ^ 3N ^ ^ % 



RECORD BAY 
(CHANNEU5 8-14) 


JREPRODUCE RAY 
1(CHANNELS 8-14) 


POWER SUPPLY BAY 


0417 } 


Figure 1. 1-1 FR-1800H Recorder/Reproducer 
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Table 1. 2-1. Specifications - FB-1800H Recordep/Beproducer (Continued) 


DESCRIPTION 
Transport (Continued) 


CHARACTERISTICS 
Tape Speed Accuracy; 


* 0 . 2 % 

Tape Width: 

' 1/2-ln. and one in. 

Tape Thickness: 

1. 0 and 1. 3 mil base polyester. 

Reel Size: 


10-1/2 or 14-in. Ampex Precision 
or NAB reels. 


Start Time: 

8 seconds maartTnnm io reach stable 
speed of 120 ips. 


Stop Time; 

4 seconds maxlmup at 120 Ips. 


Fast Wind Time: 

3 minutes mairtTmiw for a 14 In. reel 
with 7200 feet of tape. 


Flutter: 

Pealc-to-Peak Instantaneous speed 
rariation. 

Speed 
iSBSL 
120 


% 

Peak-to-Peak 
Flutter tape 
Bandpass Servo 

0. 2 Hz to 0. 20 
10 kHz 


60 0. 2 Hz to 0. 25 

10 kHz 

30 0. 2 E(z to 0. 35 

3kHz 

IS 0. 2 Hz to 0. 40 

2.5 kHz 

r-1/2 0. 2 Hz to 0. 45 
1.25 
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Table 1. 2-L Specifications - FR-1800H Recorder/Reproducer (Continaed) 


DESCRIPTION 

CHARACTERISTICS 

Transport (Continued) 

1 

Flutter: (Continued) 

/C 

Peak-to-Peak 

Speed Flutter tape 

(ips) Bandpass Servo i 

3-3/4 0. 2 Hz to 0. 50 

62S Hz 

V 

l-T/8 0. 2 Hz to 0. ?0 ! 

312 Hz 

• 

Dynamic Skew: 

15 microseconds or less at 120 ips 
ou adjacent tracks in the same head 
stack. 

Heads 

• 

Number of Tracks; ' 

l/'2 -inch tape - 7 tracks 
One-inch tane - 14 tracks 

- 

Track Wlddxr 

C. 050 (±0. 005) in. 

Track Spacing: 
0. 070 in. 

Head Spacing: 

1.500 (^0. Olir.) 


Head Life: 
1000 hours 

Gap Aziri.'ith: 

el minute of arc. 


1 

i 

1 


1.2-4 
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AIVIPBX 


Tsble 1. 2-1. Specifications - FR-1800H Recorder/ Reproducer (ContiJiued) 


DESCRIPTION 


Direct Svstem 1. 3 HOiz 


CHARACTTRISncS 



120 400 Hz to 

1300 tcTTz 

23 db 


60 

400 Hz to 
730 kHz 

23 (Oy 


30 

400 Hz to 
375 kHz 

26 db 


15 

400 EEz to 
185 kHz 

26 db 

• 

7-1/2 

• 

400 Hz to 
90 kHz 

26 db 


3-3/4 

400 Hz to 
43 kHz 

24 db 


Harmonic Distortion: 

Total of any signal in the passband 
when recoiled at normal output. Nor- 
mal record level is defined as input 
level which produces 1% third har- 
monic distortion of a 1 sinusoidal 
signal at the desired speed with a 
second harmonic distoztimi of a 1 kHz 
signal adjusted to less than 0. 3%. Ti 
foregoing applies to only one tape 
spe 


It 4 )ut Level: 

0. 25 to 2SV rms adjustable to produce 
normal record level. 


'Measured at output of a bandpass filter having 13 db/ octave attenuncijn be\”ond limits 

stated. 
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Table 1. 2-1. Specificatlona - FH-1800H Recorder/Reproducer (Continued) 


DESCRIPTION 


CH>.IiACTF IST7CS 


Direct System 1. 5 MHz (Continued) 


Input impedance; 


j 


1000 ohms (i20%) unbalanced to gion;.' ! 
130 pf maxinmm capacitance. ! 

Output Level and Load: J 

4 speed — I. 5V rms mardmum into , 
100 ohms ! 


2 speed — 1. 5V rms ma.\i.muin intr 
73 onma 


Frequency Shift Modulation (FSM) | PCM Transfer Rate: _ 

2400 bits per inch per track widi not I 
muic* t>»aa one bit error in iO^ biu c/er 
digitii track and 1000 bits per Lnch pi‘r 
track M^lth no more than 1 Mt error in. 
10^ bits per digital track. 


Input Level and Format: j 

0. 0 (±1) volt prodaens lower frequency. | 
5 to 20V (selectable either polarity) | 
produces higher frequency. Normal 
isp'it format is i-iRZ change or NRZ 
Mark digital. 


Rise Time: 

1. 3 ysec between lO^.and 00% levels. 


Input Impedance: 

1000 ohm'^, unbaiacceti to ^ ound in 
parallel with ISO pZ '.maximum capaci 
tance. 


Ouqjut Level and Format: 


Binary output of 0. 0 (S;l) volt and -II 
(±1) volt. Th: higher recorded fre- 
quency may be chosen to represent 
either the nominal OV or the -IIV. 



A- 15 Pean Reading Voltmeter 



POWER 

INSTRUMENT EH- ^ - 

DIVISION ~ 



MODEX S201C 


TRANSIENT MEniiUHUIlfcN 
INSTRUMLYTS & SYSTEM: 

SERIES 3200 


mSBSm Mcru READOUT 11UHSU3^ 


Tbtt M o d d SaisCTnssinit VolOMitr is tbs basic isstncacm 
tn a tBBUj of iastraasnts that Mloo lasimaac Co. baa 
d a y aio ya d aod aaaod **M€0OfT Voltaottrs.'* last as tbo 
aama iapiMak thtsa lostnimso^ hava cirraicry that rssoa* 
bass !ha maiimm appUsd psa^ vaiis$a. Csafoi ia aaar asa* 
onwxBanta that warb piaviousiy cahsrsoaa or lapracncal. 
tfaaoa iaats«Laaots art ia wida oat throafbout tha Powat 
UttHty aad Efactrooic tndtistriaa. 

Ite basic iaaowaot oavars a fUft of voltafts Croa i % olts 
to IQOD loifei foil tcala. It %«ill aaasara aay ^^ifa wtthta 
tidtf si&fa aod bold tha htfhaat paak rtadiag aatil raiat. 
Pxoqnaoclaa that ouy bo oMnaartd mm from DC to apptoai* 
matoly 20 bIHa which iacltida masiaats. siogla or ropa?iif ra 
pnffaa as abort as 50 ea aoa ac o cda (0S microsacoadsi. Faa* 
toms l acluda a sturdy dual*ahlaidad portahla cahiaat coo* 
sinodhm: aaloctabla tsaatmum frt^oaocy rtfpoMa coorr^l 
pita ctrcait for tptcial maaaonmoatt aad optional High 
Voltap Raaga Extondtr Probas •adodiog 3 kV. to aV* aad 
30 kV fall icaia. Tha instrfsnt may ba hattary oparstad 
ter TMOta locatton work, saa Modal 529i for dataila 


or 


■»»o» 
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1.2 SPECIUCATIONS - 


Input 

- Single-ended BNC ungrounded 
input. M^ be operated up to 
lOOnv peak above grc.i'y!. Cas! 
grounded. 

Voltage Range 

- 0-3, 10, 30, 100, 300, lOOOV. 
To 30k V with optional pt'otes. 

Input Impedance 

- 10 megohms (lOOOV Range) to 
30K ohms (3V Range) depending 
on range. 

Pulse Width Range 

- DC to 50 nsec (single pulse). 

Accuracy 

- +3X of full scale, do to 50 
nsec. 

Readout 

- 5" taut-band, mirror-backed 
IX meter. 

Reset Modes 

- 1) Manual, with front panel 
switch or remote contact 
closure. 


2) Automatic (50 msec 

intervals, adjustable up 
to 5 sec after end of 
measurement). 


3) Recorder (automatic reset 
adjustable from 5C msec 
to 5 sec after end of 
measurement). 

Reset Time 

- lOO^isec nominal , with no 
dead-time or loss of response 
during reset. 

Operating Nodes 

- 1) Reads peak positive. 


2) Reads peak negative. 


3) Reads maKinua peak of 
posiMve or negative. 

Nenory ~ Electronic Maaory retains 

readings penunently, until 
reset by operator or coawnd 
signal, or until advanced to 
a higher reading due to a 
greater anplitude inout 
signal. Readings held duri«) 
avaentary power interruptions. 


f>5 
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OC Analog Output 


AC Analog Output 


Response 


Gate C»-uit 

Temperature Range 
RFI and Noise Rejection 

Input Power 


Mechanical 


Accessories 


Options 


- 0 to 1 V or 3 V positive, 2 .^%, 
depending on range. Short 
circuit safe. 

- Simultaneous peak positive and 
negative outputs. 7 . 1/2 nomi- 
nal, decaying to zero in 100 
ms at full scale. 

- Five selectable positions: 

NORM (wide band), 1, lO, 100 
ms and 1 ms pulse widths. 
Response is approximatel y 3 dB 
down at these points and 
limits the response at 
approximately 0 dB/octave 
rate. 

- Permits sample-and-hold or 
synchronized measurements via 
externally applied gating 
pulses of approximately 5 to 
10 V. 

- 0® to 50®0 operating. 

- Internal multistage lO pi line 
filter provided. 

- 115 V or 230 V AC, =10%, 50 - 
400 H,, 15 VA, or =24 V OC, 

100 tnA maximum, battery 
operation. 

Model 5201CR - 116 V AC, 60 
standard. 230 V AC, 50 or 
^24 V DC optionally available. 

- 5201 C-i, 5201 C-2, 5201CR - 
Dual shielded rack .mounting 
enclosure 7" x 19" x 12". 

- 3 1/2 foot shielded input 
cable and technical manual 
provided. 

- High voltage proves: 3 kV, 10 

kV and 30 kV probes supplied 
with insulated shielded cable 
frequency compensated for 
pulse applications. 
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GENERAL SPECIFICATIONS 


OASICCHAflACTERISnCS 

• 16^ void iMgUi; 17th bit for ownioty parity cbtcking 

• PnEalloiic 

• ItoewfulintampC, wfthaiitoaaflcnstait 

• BacfeMWuetabla 



• psanrioo and chacfeiBC is staBdxrd ia aD oniti 

• Itae wmaotr riaa tvaaablB, 16K» 24K. or 32K««iidi;. 

' (Mdospaadihla by ptafsB cards 

• 1024-cracd pafc size 

• ft o c a e ta d 64*«««d bioek for stored loader 


nioecssoR 

• ** **— *« TiMfTtwHiw iiM.lmMiig 

• tO'ti(htitBtniettm may bo eonibiiiad into oos word 
(nfistar raflKBaes gBsart 

• Oafimitad laitb of huSraetnddtaadnf allowed 

o Qluininatad oontzol ptshbattons allow shovitansoiis dis> 
play and control of intaiwa! ^bnetioas 
o All instruettona (hlly* exscutad in 1.96 microaaconds, 
aaeapt ISZ and cztndad azttlunaUe ( 2 . 9 < to 16.7 
nicxnsacoBd^ 

• Only 980 ninnsarraitli added for each lesel of indlract 

addiaadBg 

• AO adaoiastinotians axeapt tboas perfoiming I/O or 

once mitmory adasaMnsfuDyoxsentsd in 196 nano* 
aseoada 

o Mssabiyandl/Opaotactkaisdandai' 


REStSTERS 

• 8 Stadard Rtfiistcfs . 

'Acenmulatoo. Two (A andB), 1& bits- each. Knctiy 
addnsaabls. . 

Uanaoty Control: nma (T.P, ^,16bitseach 
3opplen»ntaiy: Two (OwHot and.Ezttnd), one hit 

each 

Manual Data: On# 16>bit switch tegistsr 


o 7 Maoproceasor Registaa 

AoeumulatocK Six (Q. F, and (bar scratch padKlS.bitt 
wch 

Intnxnpt Cootzoi: Central Interrupt Regisur, 6 bite 


SOFTWARE 

• FORERAN, FORTRAN IV, ALGOL, aai BASIC 

• BztandadAsambly language 

• Cdttni; -.aibgogr]]i«- sbaiy, Fomattar, and Ocbqij 

• Seeeat-Opamng systems, including ' 

Baric Control System (BCS) 

Magnetie Tape System (^fTS) 

Ofae Operating System (DOS) 

ThnoBlaiad BASIC System 
ReaKnoe B te e utl se System (RTS) 


inCROPROGRAiaiiNG SOFTWARE 

• Ml ia n e a w mfaler (BCS or DOS) 

• BBciD Debug Editor (BCS or DOS) 

• PtogBumnable ROM Writer (BCS) 

• Oritea and Diagnostics (BCS or DOS) 

*'■ Wdtafalr Control Store Input/Ootpot Utility Boutina 
(BCS or DOS) 

• libraiy of Cootdbutsd Mloupiognas 


IRPUT/OIJTPUT SYSTEM 

• 12 internal. I/O channels, estetnally expandable to 43 

•- Optional multiptextd I/O extends capacity to 54 
cfaaimais; may be pluggad Inter my slot . 

• Allcbannela bofEiied and bi-dlncdonal 

• Mulfilml priority interrupt for dcrioc serridng 

• Ptriphecals interteoed simply with plsg4n cards 

• Daal<binnet diract mamory access, can tzansfer- 

1,020,4c 3 words per sacond 

• GenetaLpuipoaa interface cards araiUbls 


ORIGINAL PAGE IS 
OF POOR QUALfTY 
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.HEWLETT PACKARD , 


OPERATING AND SERVICE MANUAL 

PART 1 

7970B/7970C 

DIGITAL MAGNETIC TAPE UNITS 

OPERATION AND GENERAL INP0RMAT10N 


S«itai Nufflbtn PrtOxtd: 1329 


Note 

Tliis manual may ba backdated to com cartiar Ttmioaa of 
tba tape unit by incorpoiatiag appropriata backdadnf in> 
fotmatioB from appendix A. 


37970-903S3 


wOOVn^ll HCWLfTT^ACKAFO COMPANY 1973 
nooo Wane Read. Ceoanmo. CaJitorme 98014, U.S>. 


PRINTED; AUG 1973 
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SECTION I 
DESCRIPTION 


M. MANUAL SCOPE. 

1 - 2 . Hia manual pnmdM optiating and lamet infom- 

acton for standard product configurations of :h* HP 79706/ 
7970C Digital .Magntoc Tap# Uniti. (So* figux* 1-1.) Spacial 
ORMhies conflguiationsaitdwcnbad by manual suppitmcnts 
attacbod to thu >"«iitiai “nit 7970B is rtcogniaad under tba 
c ompDwoot p rogr am of tbt Undtnmtan LaboratoriM lac., 
aad is dmilar us tbt 7970C. This manual is appUeaUa to 

1*4. TTiis "»«"«««* IS dindtd into o parts. Part 1 contains 
gnml aformatioo. inaiallaaon instnictioiis. and opr<aung 
p m o d Dm . Pact I is applieabit to all stai»dard tap* umts. 
Part 2 contains a dasenption of nansport, exansport 
tn*oiT. parfomanc* cboekout proerdurvs. adittstment pro* 
etduius. aad aa UlusoaCtd paru bicakdowp of tb* tap* 
tampoit ponton of tb* tap* unit. Pan 2 a applieabi* to all 
staadmd tap* units, hn 3 contains a daseapOon of tb* 
f«ad dtta modules and prondts maiaunaac* iafonnatlon 
for tap* units *qcipp*d with read data modulas. Part 4 coB' 
tatoB a d iac nptlon of tb* writ* data modul** aad proridas 
maiawcaac* infonnation for tap* umts equipped with wnt* 
data stodules. Pan 5 contaias a d«*cnpcion of tb* nsd.r*ad 
(s«**s> or ain*>tnck read only) modules aad profides main- 
teoaaet lafotmation for tap* uaiu equipped with read, read 
modBlea 


1>4. lOENTIFiCATiON. 

1-9. Eacb tap* umt has a model plau and a serial aum* 
bar piat* attached to the tiaasfoitner assembly. 7b* model 
plat* the up* speed of the unit and tb* model 

coofigiaanon. 

1 - 6 . TabI* 1-1 listt tb* standard coofiguration option 

numbes that will be shosrn on the model plate. Tb* model 
plat* also listt fbetoty iostalltd electie* options. (Refbr to 
table 1<2.) Special eonflguiatioa and special factory iastalled 
opooes also appear on the model plate. When special product 
eoasideracons exist (indlcatad by slpbanumeric option 
oumbml tb* information it prorided ^ special modifies* 
non sodees, supplemental to tb* standard manual. 

1*7. The serial number plat* contains a rwMfction senal 
number 1 0000 A*00000). The first four digiu are a senal 
number prefix. Ih* flve^ligit number identifle* a spac.fie 
up* unri. If the senal number prefix on the rape unit does 
not agr»* with the number on the utle peg** of this manual, 
cbei* ai* differencat between tb* up« unit and ib* infoima* 
tiea contained In tbit manual. These differencat are de* 
scribed in manual supplemenci aeailabi* at tb* naaiast HP 
Salsa and Serete* Office. 

tael 


TaW* 1 - 1 . Standard Conf!g*iration Option Numbers 


SPEEDS 

RA¥ 

fl/0 

BASE 

TRACKS 

to • 20.9 IPS 

121 

122 

123 

NINE 

21 - 37.5 IPS 

STD 

125 

126 

37.6 • 45 IPS 

127 

128 

129 

10 - 20.9 IPS 

130 

131 

132 

seven 

21 -37 5 IPS 

133 

134 

135 

37 6 • 45 IPS 

138 

137 

1 138 

10 20.9 IPS 

— 

139 

' 

SEVEN/ 

NINE 

(R/R) 

21 • 37.5 IPS 

— 

140 

— 

37.6 • 45 IPS 

— 

141 

— 


Table 1*2. Cecrir* Opnon Numbers 


NUMBER 

DESCRIPTION 

006 

Triple Oentity Select 

007 

Unit Select 

012 

HP Logo 

013 

Read Parity (Seven- or Nine-Track) 

014 

Wnt* Parity (Nine-TiackI 

015 

Wnte Parity (Sevan-Track) 

016 

Door Intiriock Switch 

017 

Black Paint 

023 

insiallatian Kit 


1 < 8 . Printed<ireuit aassmblies are identified by a letter, 
a series cede, and a division cede on the attarably (* 4 . A- 
101042). The letter identifies the revuion of tb* etched 
trace pattern on tb* unloaded printed-circuit board. The 
four*digic series cod* pertains to the electneal cbaractemtics 
of the loaded printed-cucuit assembly tnd the positions of 
the componenu. The divuion cod* identifies the Hewlett* 
Pickard dietsion that maeufactumd the printed-circuit as- 
sembly. If tb* senes numben of the up* unit pnnted-circuit 
aisemblits do not agree with the senn numben shown on 
the schematics and title pages of this manual, there are dif- 
ferences between the up* unit and the infoimation in this 
manual. Thee* difference* are desenbed in manual supple- 
menu aveilabl* at the newest HP Sales and Service Office. 
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Tab(« 1-J. Spcctneacions 


Page 3 


TAPC SP€EO 

1C :o 45 

REEL DIAMETER 

•Jo tc 10.5C incbM 1 265. 7 Timl 

TAPE IComputtr Grad*) 

Width: 0.5 inchas ' 12. 7 mm| 

TVieknta*; 1 .5 mil* 

TAPE TENSION 
8.5 oz. nominal 

REWIND SPEED 
160 :ps 

PAST FORWARD 

160 Ot 

INSTANTANEOUS SPEED VARIATION 
r3S imaaau'td 0:t odit) 

LONG-TERM SP . VARIATION 

ns 

FAST FORWARD. FAST REVERSE. START/STOP 
CHARACTERISTICS 

Oistanca: 40 inehaa. nominal start (25 los) 

69 mchay, nominal start (37.5 and 45 ips) 
31 inchas. nominal stop (37.5 and 45 ips) 

Tima: 0.7 sacond. maximum 

STAHT/STOP TIMES 

15 mi (at 25 ipsi 
10 ms (at 37.5 ips) 

8.33 ms (at 45 ips) 

START/STOP TAPE TRAVEL 

0.187 i 0.020 inch (4.7625 = 0.508 mm) 

REEL MOTOR BRAKING 
Oyrtamie 

RECORDING MODE 

NRZI (industry eompatipial 


MAGNETIC HEAD ASSEMBLY 

Standard: seven- or nme-t.*acK. erase, wrirt and read 

Gap Scatter i Measured Ootical.'v > 

Read Stack; ISO . r-*aximum 
Write Stack; 150»m . '“iximum 

SKEW 

Static Skew; The per channa. ono-shoc ceskewmg 
loehniQuc IS ui'i-aad m the wrte dor- 
ward I and read ''gnarard ar*d reverse) 
circuitry effect vew eliminating stare 
skew. 

Dynamic Skew: c200uin. (read after write), maximum 

HEAD GUIDE SPACING 
Industry compatible 

WRITE HEAD TO READ HEAD CROSSTALK 
<5% (of read signal) 

READ HEAD CHANNEL TO READ HEAD CHANNEL . 

CROSSTALK , 

<-30 dB 


BEGINNING-OF-TAPE AND END-OF-TAPE REFLEC- 
TIVE STRIO DETECTION 

Photoelectric, mdustr/ eomparsic 

OPERATING ENVIRONMENT 

Ambient Tamparature; -•-32* to "irt31*F (0* to 55’C) 
Relative Humidity: 20 to 80^ (non-condensmg) 

Altitude: 10.000 ft (3.048 m) 

POWER REQUIREMENTS 

115 or 230 ltU3%) Vac 
48 to 66 Hz, single phase 
400 VA, maximum (on high line) 

DIMENSIONS 

Height: 24 iicnes (609.6 mm) 

Width: 19 inches (482.6 mm) 

Depth: 12 inches (304,8 mm> i-jck space) 

Overall Depth: 15.75 mches (39' mmi 

WEIGHT 

130 Ib .maximum (56.7 k lograrrs 

TRANSPORT MOUNTING 

Vertical: Standard 19 nchei (482.5 mm) fletma jck 
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OF POOR QUALITY 


F«r pmnl csmpotatioa ami sysums 
Modtis 21148. 21I3A 21163 


Specificationa 


4 


KNtS) 

Mtr ctMck M0I lAttmipt 
.8^ coodptfstion jin (wera j; 
'MjBdaai sin ia maiirframt 
lliBMm sin usnf ntwdar 
Oiftf mmnr aectn 
Minay nnprattct 
tidHbw(ta) 


mm 

211SA 

21141 

1$ 

16 

16 

Optienai 

Optional 

Optional 

8K 

4K 

4K 

I6K 

8K 

3X 

32K 



Optional 

Optional 

Optional 

Optional 

— 

1 

l.S 

2.0 

U 


Kiat 


>.^Md(Mlaad) 
k. MMBal»(«baaBa*) 
f KnJa(asrattat) 

I MMy^iartfmnowon) 
' OliMt (tafdMm optnm 


u 

4.0 

4.0 

3.2 1 

4.0 ! 

4.0 

120 ■ 

ISO ! 

ISO 

300 

375 1 

375 

112 

24.0 1 


20.8 I 

26.0 I 



■^^'IT"T^ 1— 

70 

70 

70 


Yas 

YiS 



‘ KHfiv of pnnnrad input'outpot :loti m mamframt 
IWMbu om6m of slots usR| tittndtf 
Hmrnm of dmn tftat can b« intarficid osng iTmmoitatd l. 0 

16 

a 

3 

24 

** 

PT^ 

56 

Qraitnr 

iSSittcnaM^^ 

/mm 

1 EnnsoMBtsl taRiparatuft 

twfmniiiwitif rilst t iiumiuty rat 40*0 

CTL I.C. 

Yas 

Optional 

31H* 

16H* 

19H" 

0*tc55*C 

CTII.C. 

Ye 

Opiiofni 

I2V4' 1 

16K' 

24H** 

10*»40*C 

I09S 

1 

CTLTTUC. 1 

i 

OptMoai 

■2%' 

1 16K' 

24H* 

10*to40»C 

8096 

* "M4XoiimDry I 

TittIXflMmory I 

S24.000- 

SiiSOO 

19,500 

8 8.500 ' 

1 13.000 1 


Ir ^trface Kits 


•?J*a ^ *• •*•••■*»* aaltont M (or tM intarfxt Kit jnly; «rair ay Xit oimoar. 

•*a» «» a«i»» Oulaut Initttr. SMcify inttrfKt Kit t 2 aail. 


Mllf 

CARMIUTT 

lASIC KIT ' 

NO. ' KNiniOUI. 

MiCt 

111V. 6 Ha mV.lDHl 

:T^**S£ q£Kqiator 

Gantntii rial tima inttrvals in dtcada stops 
frem 100 ta to 1000 sk (dthvad from crystal 
onUHor). Usid u sourca of timtd mtarrupts 
for lofNara dock. 

12S39A 

Noiwraquind 

L0DO 

14100 

WTAfHQNE l.rrotfACE i imaffaonooinpat«rwitfi8tllSysttniOaUPrioot 

12S40A ! 3dl Setm Oau S« 103A 


Not Availanio 

WTHjT 8CGISTEX 1 Providts IS form* A contacts tof oparattna la- l 
1 timal divicas. (Intarfaca tut indudts 4i*pm 
— ' mipni connactor.) i 

12551 B Ottarmintd oy usar 

sa: 

400 

Ji-dirac- 12554A Oattrmintd Py jsar .K 

**'"’«* naiSTat 1 (tonal tnnsftr of information batwttn»fnputtr 

: and tzttmai davicti. ^inttifaca aiC induoai | ; 

— * 4|-om m|twi connoctof.) j : 

750 j 

i 

®^owvotTa 
®**®cufT wiTmacE 

Providis two 0-A eonvamon cnanntis. 8 aitv 
diannti. 

Oval l6*Pit fliO'ltop rafiittr. Ptrmits bt-dirtc- 
tiooal data fransftr bttwton caoimittr and ti- 
taniil dovma at OTl/TTL aolt^ itvtli (tnttr- 1 
fast kft jndudti cadlf md matini connoctoU 1 

125S5A Oatarmintd by jstr 

12566A Oatirminad by uiar 

' 1 
1 

IJOC 

r» 

i '•«' 1 

79) ' 

:Snagswr~ 

(Mill I-M4 r«fn(ir. Ptnwis M-dine* 1 

HsMImNleMiirtonMuwbMKwweon^ 1 
«d «M«mI dmcm (innrtMt M iadi 
48-|Mi«DainMi«or.) 7 

U9S7A 

2 

Ottaftmnao by mar 

BOO 

100 










4025 


From Alphanumerics to 
Graphics. Now your 
tormina's can keep pace 
with your needs. 


A-19 Tektrorii>: Teminal 

TEKTRONIX 

Computer Display 
luminal 
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Of PCOR QUALITY 


The 4025 takes you beyond alpha- 
numerics. When you're ready to go 
beyond data entry and editing, the 
4025 IS the terminal that can take 
you there The 4025 gives you the 
unique ability to expand your termi- 
nal from basic alphanumerics, to 
forms ruling and then into graphics 
No other terminal has such versatil- 
ity. Witn all Its options, the 4025 pro- 
vides unmatched report generation 
capability 

Start with an ASCII character set 
and finger tip editing. T ne 4025 
can display a full 34 lines of 80 
characters each on its 12-mch 
diagonal display screen The com- 
plete upper and lower case ASC-'i 
character set is provided The 
green-on-black display with 
adjustable brightness level is easy 
on the eyes 

The keyboard is arranged in an 
office typewriter configuration, 
making it familiar to new users. Pre- 
defined editing keys allow you to 
insert, delete and input lines and 
characters Thirteen user definable 
keys plus virti>ally any other key on 
the keyboard uan be redefined to 
generate a command or character 
string at the touch of a finger 


A 4 K memory is standard with the 
4025. expandable to 32 K, allowing 
buffering and scrolling of hundreds 
and even thousands of words 

Add the vereatiie Forms Ruling 
option. The 4025 Forms Ruling op- 
tion can duplicate essentially any 
form Visual attributes include 
enhanced, blank, blinking, inverted 
and underlined fields Logical attri- 
butes include protected fields, mod- 
ified, alphanumeric or numeric only 
The ‘send modify com and stream 
lines data entry by transferring only 
the modified, keyed m data to the 
host The fixed format remains 


ready for the next series of entries 
Develop or duplicate forms of any 
complexity with a variety of sin ;le 
and multiple horizontal and ver tical 
rules selected from the Ruling 
Character Set. Expandable memory 
and scrolling let you create forms far 
beyond the length of the display 
screen 

To make data entry and editing 
easier, you can divide the display 
screen into two separate display 
areas each with independent scroll- 
ing Vbu use the monitor area to 
communicate with the host and the 
workspace area fcf the form itself 
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A- 20 HP 2114 Computer 


SKtioal 

Rage 1 


GENERAL INFORMATION 


M. INTRODUCTION. 

1-2. Voiumt T'<vo is the second in a series of three 
publicacioos that documtnc the Hewlett-Packard Model 
2114B Computer (Figure M). This volume contains de- 
tailed descriptions, inscnictions, and diagrams applicable to 
lostallarior^ maintenance, troubleshooting, and repair. 
Unics otherwise noted, or to the extent specified in future 
updating or backdating supplements, this publication is 
applicable to HP 21I4B Computers having serial number 
pftfbt 930- and subsequent. 


1-3. The information in Volume Two is intended for 
uaen who have been trained in, or ire familiar with, the 
opesarioQ and maintenance of this or similar Compufers in 
the Hewietc- Packard line. A thorough understanding of nhe 
infocmaaoo presented in the Specifications and Basic Op- 
entioQ manual. Volume One in this :&eries of publicauons. 


IS es-vntu’i :o ising wnderrtanding the instructions 

presented. 

1-4. The purpose of Volume Two is twofold: first it 
provides general inforroatioa, instailation inscrucQons, and 
overall maintenar'^ data for the Computer and its acces- 
sory items; second ic provides testing, troubleshooting, and 
repair instructions for major functional areas within tls 
Computer (see Figure 1-2). These are the Central Processor, 
the Memory System, the TimLag System, the Control Dis- 
play S/stem, and the Power Supply. The Input.Oucpat 
System is documented aeparaceiy in the Input/Outpuc 
System Opennon manual. Volume Three in this series of 
publications. Computer opnoas axe documented m separate 
manuals that supplement tr.e information given in Volume 
Two and Three, as apolicable. 

1-5. The Sections and Appendixes of Volume Two 
contain the following mformanon: 



Flguee 1-L Hewiect-Packard .Model 21I4B Cooputer 
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For ftncral computatioii and tystams 

Mc=; s 21148. 21i:A 21163 


Mard su< i&its) 

Hittf wth trttfjrruot 
Sasic coiiffguration uzt ^words' 
Ifganitn; sue in mainframe 
UBimim size using eitenoer 
Oinct mtmo7 Kcess 
Mwory aru protect 
Clpdf dmt ^usi 


iMfeMllM iiteirtleii speei (ui) 
Slanivord 
Md(ruil wont) 

IMbly ^subroutine) 

Ohiide ^sueroutint) 

Ikitbpfy 'barOwert option' 
Olfidt ^Pt^nwart ooitoni 


■< toil t nafrmUMia 


ini^ait addrminf 


MisSf Sfiteni 

tabcr of r'ewiffd input, output slots m ^arrram? 
itHBimnn number of l-3 slots using •xtercer 
SiMlWf 01 devices that can ce mt^faceo *‘ui 


Specifications 


i z\m 


16 

Ootiaral 

:6n 

3IK 

Ootianai 
Optional 
1 6 


2115A 

21140 

6 

.6 

Optiunai 

Optional 

AK 

■IK 

JH j 


Ooiional 

?ononil 


U 

4.0 

4.0 

22 

4.0 

4.0 

120 

150 

150 

200 

375 

375 

! 9.2 

240 

_ 

:o? 

: 5 .o 

_ 



Cbaartry 

CTL C 

c:i ‘C. 

CTL • C. 

I tanr fatlurt orotacUon 

'*5 

7«5 

VtS 

i liiririfji' resun 

0 pi*cral 

Octicmal 

Oouonal 

2fK* 

2vr 

12V4 • 

li* 1 * 

1 «efe 

16V4- 1 

16V.- 

Avr 

i ^ 

'13V.' 

44 Vt*’ 

24 H" 

umranmtntal temperatuie 

a* tc 55*C I 

to iC’c , 

:o* to 40*c 

* EMrwmtntii relative fiumicit; at 40*c 

! 95^: 

50*% t 



^mmory 

UtiBemory 


I ^ re tgtlQyMiig aetione er« lor T.e >nter^«ct K.i 
^ T» aietr tee etiav 0-3ut eteistt'. »5ec:i> 


Hi 000- 


Interface Kits 

.( 3Hlf. jrcfi 3y TUHlCt »<il 'lumflt' 

ty nterface < r liSSlO 



^ Min I CAPkgiun 


Vm lASC G£?f£RirOR 


Generates 'eai nme nter\ais n ctca:e ueos 
from 100 ^ to 1000 :tc 2er'.ed 'ren crystal 
oscUlator). Used as source 3( timec •^ter^upts 
for software dxk. 

MTA HWieC INTUFACE . inf erf aces comou ter w» { t 3cil 3 astern CataP*'ore 

— I service. 

UAY output REGlSTIlt I Provides 16 ‘orm X corficrj 'or :ceraiin| n 
ternal devicei mtenace mi *cluC«s iS om 

— } meting qnnectcf.’ 

PURPOSE I Dual I6*0it *1io ficc register ®e^n'..:s ci sirec 
REGISTER tienel transttr or nfeimatic"* Det^een lorcurer 

; and tatemii dev.-cti ■ 'nterace nc luces 

i|*C!n mefmf connector 


^A C3^£ST£R Provides *viio 0 *a r^nvertion '.raitre-i f c !s 

— ■ cnennet 

®BDC®C 'fT INTERFACE i Dual IS-Oit 'titer rs :..'k 

I *ionel data transfer :etA»te*i :ct.ou(*' me u 
; ternal device at Dr; rri <oiuceme*s. '-te' 

— — j foci *|f ndudts cac ' e ^ann| *^ nnect;r 

**OJOttllM. milfOS£ . OuO ! Oit *’io*Ro 5 'e^«ster ^^mus ii-o.rec 
RCCfSTER j tfonel translef of niormation 5e»weeo comouter 

* I and tsternal devicn. n;^a» «.t ectucn 

5^ . dg-eNi matifie connector > i 

**• ** •• 

sue aeilef m eiewe we evwieiie uee« rm^n. 


lASIC Air i 
NO. 


FCRtPHCNAL 


None ffCUirtd 

SeM Sfstefn jata Set 102; 


De!efm:.c*d 3y user 
uetfr-n;nt(j oy j«r 

0eterr:.rM by use^ 
3etfrT r«j :v ^ser 

Detf'^ned :v jser 


MIICC 

IKt 230 V. SO Hi* 


Not Avaiiaoir 


SCO 


LOCO 

1 rio" 


7 ? 


.n.GIfiAL FAGE 15 

OF POOR QUALITY 



A-21 TM-7 Digital Tape Recorder 
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Figure i-1. 

TM-7 Tape Transport 






PERFORMANCE 


TAPE WIDTH 


TAPE SPEEDS 


REWIND SPEED 


START/STOP TIME 


START DISTANCE AT 36 IPS 


STOP DISTANCE AT 36 IPS 


LONG TERM SPEED VARIATION 


INSTANTAi’EOUS SPEED VARIATION 
SHORT TERM 


INTERCKANNEL TIME DISPTJ\CEMENT 
(ITD) AT 36 IPS 


POWER REQUIREMENTS 


Page 2 


JE 1-1. 

:haracteristic'^-, 


1/7 inch hnpe 
Ampex, IBM, or NAB 


30 ips stanaard 

Speeds to s 5 Lps optional 


2,400 ft. can be rewound in less 
than 3 minutes 


Start Til e ; j.0 ms 

Stop Time: 10 ms 


0.156 mi a., 0.2 max. 


0.133 min., 0.105 max. 


3% or less of operational speed 


ISV = 5% or less of operational 
speed 10 ms after start command 


Peak Dynamic Skew: 6 psec 

Static tkew: 7 psec 

ITD: 10 ,iSGC 


Voltage: 117 'C nominal, or 

200-2 50 VAC iuv.rementa lly tapped 
Freqviency: 48 to 62 cps 














rig. 1 1. 4010 Computer DitpUy 1 diminai. 
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VBf* : 


FamilMri/ation and Checkout Conttol»-4010/40t0 1 UMn 



W Herd Copy Op«*MM»n 


HARD COPY MODE (Make Copy) 4010 1. Die Hard Copy Mode is used to 
genetdte d permaiu-nt copy o1 the Terminal ilistilay. With the 4010 1 and a Hard Copy 
unit, the user can obtain a hard ony as follows 


Step 1. Chei k to lie sure that the hard copy unit is connected to the 4010 { 


tNirr 


Step 2. After insuring that the terminal display is coriect, press 0 
3 (53 simultaneously, then keys, oi press the MAKE 


CO**Y switch on the 4010 1. The Hard Copy unit then sends a signal that sweeps the 
entire 4010-1 display in about b seconds. A copy is thus generated. A copy can also be 
initiated from the computer if the program calls fc” one. 




fa 

’>v 
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